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OBJECT 

To compare Ry^tr-mBtically the performance of conventional, truncated and tipped 

truncated ogival projectiles over a wide range of tsii v,et conditions. 

The armor penetration performance of 20 nun models of the 90 mm AP T33 (M318) pro- 

jectile has been compared with thfit of the truncated £33  (FAP)* and the tipped trun- 

cated T33 (FAPT)* projectiles over a wide range of target conditions.  These conditions 

inciuaea:  j/8 (0.48 cal), 1/2 (0.63 cal), 5/8 (0.79) cal), 3/4 (0.9S cal), 7/8 (1.11 

cal), 1 (1.37 cal), 1 l/o (1.43 cal) and 1 3/8 (1.75 cal) inch homogeneous (300 to 320 

Bhn) armor set at 0°, 30°, 45c\ 55°, 60° and 70° obliquities.  Specific limit energies** 

were calculated for all protection ballistic limits.  By this means, the perforation 

efficiencies of the three projectile types could be compared on an energy basis for 

any test, regardless of nose shape or projectile weight. 

Against targets that FAP projectiles defeated intact they were superior to the AP 

and FAPT types.  The superiority of the FAP over the AP on an energy basis ranged from 

20 to 60 per cent.  The intact FAP were superior to the other two tyDes for all plate 

thicknesses up to 3/4 inch at 30° end 45° obliquities, for all piste thicknesses up to 

5/8 inch at 55° and 60° obliquities, and for 3/8 inch plate at 70° obliquity.  However, 

the FAP were barely able to defeat 5/8 inch plate at 0° without shattering.  Against 

heavier targets the FAP shattered and were much inferior to the FAPT and AP. 

The FAPT (tipped) projectiles were superior to the FAP when the latter shattered. 

However, when both types remained intact, the FAPT were inferior to the FAP.  The FAPT 

were equal to Of Superioi io  the AP for almost all of the target conditions investi- 

gated.  Exceptions were heavy plate at 0° obliquity and thin plate at intermediate ob- 

liii^xty.  FAPT projectiles were superior to the AP against ar'ior up to and including 

7/S inch thickness at 55" and 5/8 inch at "0" obliquity,  tor the more difficult high 

obliquity targets, the FAPT and AP types appeared to be equal in performance. 

Conventional AP projectiles were best in the limited region of very heavy plate 

at very iow obliquity. 

Some of these 20 mm penetration results have been confirmed by limited firings of 

truncated 75 mm AP M338 (T148) shot/1'*" truncated conical 120 mm AP T116E2 shot(:) 

and tipped truncated 76 mm AP T166 shot.  In addition, preliminary results havt been 

•These notations are not official Ordnance designations but have been used for eaav reference. 

•'Specific limit energy is defined in the f.rst section of Results and Discussion. 

'"See Bibliography attached. 
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obtained by the US Navai proving Ground in a program sponsored by the Army Ordnance 

Department to provide a systematic comparison of the regions of superiority of the AP, 

FAP and FAPT types with three-inch shot homologous to the 2C mm minicis.  These iin-.ited 

firings indicate that full caliber shot of these types can be made to show the same 

rrlativc penetration neitormance if adequate shot hardness and ductility are piovided. 

The foregoing results have shown the usefulness of each one of the projectile de- 

signs for defeat of certain steel armor targets.  It is recommended that the truncated 

designs aisc be considered for other missiles, such as shells, rockets, and bombs, 

which may be made of steel or other materials.  Furthermore, it is believed that the 

truncated types should be investigated for defent of light alloy aircraft armor at 

very high obliquities. 

AUTHORIZATION 

00 400.112/22325, FA 471.1/1557-1, 10 Dec 45 

IX 
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INTRODUCTION 

These tests are part of a general program to develop an improved armor^piercing 

projectile fc- use against sloping homogeneous armor at high obliquity.  When this 

program was initiated, it •«» recognised that neither the ogival 'leaded monobloc rior 

th.6 CappcVii pfOjeCtiic is i!:r :::•_• s i efficient design foi defeating armor at large angles 

of attack (greater than 50°).  Under these conditions the monobloc projectile breaks 

up or ruptures and its energy is dissipated and wasied over a fairly large area.  How- 

ever, in rupturing it defeats the piaie by a punching process and it is much more effi- 

cient'3' than capped projectiles whose bodies tend to remain intact and ricochet.  In 

ricochet, so little of the energy of the shot body is used for plate perforation that 

the capped projectile is worse under these conditions.  It was believed, therefore, 

that the problem in seeking » hctter design was primarily one of preventing ricochet.'4' 

Early in World War II the Naval Proving Ground demonstrated the ability of a 

flat-ended cylindrical projectile to dig in and to cause plate failure by punching15' 

with very little adverse turning.  For conditions where it remains intact, at veloci 

tics up to about 1500 fps, the cylindrical projectile is much superior to a conven- 

tional ogival one in defeating thin plate.  However, at higher velocities and against 

thicker plate this projectile breaks up.  As a result, its penetrating ability usually 

is worse i.ii»'i timt of the convent i*»l projectile. 

Modification of the cylindrical shot by tapering the body neat the "biting edge" 

increases its useful velocity range at hi^h obliquity by raising its rupture velocity* 

aimost 1000 fps.  Hence, it is able to defeat thicker piate.  This shape is usually 

made by truncating a conventional projectile. 

A second modification, attachment of a tiD fin the form of an oeive) to the trun- 

cated projectile, further increases its effective range several hundred feet per second. 

This ti? has a flat larger than that of the shot body since it appears that the over- 

hanging flat gives more protection to the "biting edee" of the body and, hence, rais-i 

the velocity at which rupture occurs. 

From preliminary firing it was .ioted that the tipped projectile is a better pro- 

js?ctii£ than t:tc conventions! monobloc ior so;v;e conditions oi attacK.  However* lit tic 

was known of its behavior either at velocities above 3200 fps or ac iow and inter- 

mediate (less than 50°) angles of obliquity where ii wac thought that the monobloc pro- 

jectile might be superior. 

The primary purpose of this investigation is to compare systematically the per- 

formance of the conventional AP projectile with that of the new unconventional FAP and 

FAPT types over a wide range of target conditions.  Comparative data of this sort 

"Striking velocity at which projectile failure is first observed. 
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x 

should evaluate the potentialities of the new designs, define the conditions under 

which each is superior, and facilitate testing of oth^r modified designs expected to 

be capable of even bettT all around performance. 

MA!TRIALS 

Proj ect i 1 es 

Types.     Three types of 20 mm projectiles were used in this survey.  They were: 

(a) 20 mm model of the 90 mm AP T33 (M318), (b) truncated T33 (FAP) and (c) truncated 

T33 with a tip attached (FAPT).  D.swings and photographs of these projectile types 

are included in Figures 1 and 2, respectively. 

The conventional AP T33 projectile was chosen as a standard because it shows good 

ballistic performance at high obliquity.  This des»en is used also for the 105 mm AP 

T182 and the 120 mm AP TU6 projectiles and is similar to the 76 min Ai1 T128 projectile. 

It has been thoroughly tested and its average performance is fairly wo.il known (e. g., 

Watertown Arsenal caliber .40 and 9G liifl) tests).  The weight of the 20 mm AP projectiles 

used in this test was 1800 grains. 

FAP projsctil" ««ri> made by truncating the AP projectiles to a flat diameter of 

0.650 inch.  These projectiles weighed 1680 grains.  FAPT projectiles were made by 

brazing* tips to the nose flats of the FAP projectiles.  These tips had the shape of 

the AP ogive with a flat diameter of 0.720 inch.  The FAPT projectiles weighed 1880 

grains. 

Although other projectile nose flat and tip flat combinations might be just as 

effective, the 0.650 inch body flat and 0.720 inch tip flat were chosen for several 

reasons. A 0.720 inch diameter tip flat on a 20 mm projectile corresponds to the 

largest flat on full scale projectiles that easily permits windshield attachment to 

the shot body. Furthermore, previous firings indicated that the tip should overhung 

the body nose tifit to better protect its biting edge and the body flat should be as 

iarg<; as possible without being susceptible to rupture. 

Steel and Heat   Treatment.  One heat of manganese-molybdenum steel (Fed Spec 57- 

107-33) was used for ail projectiles.  The composition is contained in Table I. 

Table I. Per Cent Composition 

c Mn Ho P S Si Ni Cr V 

0.74 0.90 1.04 0.20 0.04 0.33 0.05 0.15 0.02 

'Copper was used as a bra ting material. 
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To obtain consistent quality for the three types of projectiles all shot were run 

through the control let! atmosphere furnace that was used to braze the tips; for the FAPT 

projectiles.  The temperature of the furnace was about 2050° F. 

Following e»pubu"" to thi« elevated temperature and cooling to room temperature, 

all projectiles were austenitized in salt at 1550° F for 10 minutes, qneni.in.-d in brin*. 

''"« relieved for two hours at 250° F and base drawn by induction. 

Rotating  Bands,     To avoid degradation of the shot ami difficulty of interpreta- 

tion of results due to possible quench crr.cks in the band sent region, ail projectile 

bodies were machined without band seats.  Instead of coppei rotating bands, ail shot 

were provided with Chrysler Cycleweld C-14 cement rotating hands applied to a 0.60 

inch iong base section of 0.770 inch diameter.  Although a slight loss in velocity and 

accuracy resulted from the use of these rotating bands, it was believed that reduction 

of projectile band seat failures would outweigh these drawbacks. 

Plate 

Ail plates used in this investigation were rolled homogeneous (class B) armor. 

Brine'i hardness values and C'narpy impact values (-40" t)   for the various plate thick- 

nesses are included in Table II. 

Table II.  Plates Used in Tests 

Thickness Plate Hardness Ch irpy  Impact' 
(in.) (Bhn) 

302-321 

(ft •lb at  -40" F) 

3/8 13 27 

3/8 14 302-321 27 

1/2 23 302-311 - 

5/8 21 311-311 15 

5/8 22 302-321 15 

5/8 29 311-311 15 

3/4 34 302-302 12 

3/4 43 302-302 12 

7/8 47 302-306 21 

7/8 48 302-311 21 

i 26 302-302 17 

1  1/8 15 311-321 23 

1  3/8 7 310-330 19 

•The values  listed ire not those for the plates listed but are for other plates 

of the same thickness and heat of steel. 
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METHODS 

Test Conditions 

The test conditions listed in Table III were chosen to give information over a 

wide range of attack.  They bracketed nearly all conditions proposed for full scale 

test firing.  Emphasis was on high angle attack but tests also were conducted at low 

angles for completeness.  Conditions for which perforation is ditticuit at the highest 

velocities attainable with the special test weapon, and conditions for which the FAP 

projectile perforates intact are included.  Target conditions were spaced at fairly 

close intervals so that interpolation between experimental results would be feasible. 

For some targets only limited firings were conducted so that more test conditions 

could be investigated.  Additional iest conditions were added during the investigation 

in order to aid interpolation and to permit the construction of reasonable perforation 

curves. 

Table III. Test Conditions 

Piste   Thickness Obliquity 
(in.) (cal) (deg) 

3/8 0.48 

1/2 0.63 

5/8 0.79 

3/4 0.95 

7/8 1.11 

1 1.27 

1 1/8 1.43 

1 3/8 1.75 

45, 55, 60, 70 

45 

0, 30, 45, 55, 60, 70 

30, 45, 55, 60 

30, 45, 55. 60 

0, 45, ss 

30, 45 

0 

Firing 

All rounds were fired from a 20 mm Mann type test barrel chambered for the T20 

(.60/20 mro) case.  For velocities in excess of 3000 fps a special chamber extension 

was screwed onto the above barrel to accommodate a two-piece, double length case.  The 

distance from the muz tie of the gun to the plate was 215 feet.  Velocities were meas- 

ured or. counter chronographs actuated hv three pair* of solenoids, the base line cen- 

ters of which were 32, 87 and 132 feet from the plate.  Three pairs of solenoids wer^ 

used to obtain measurements of the projectile retardation between the centers of the 

three b.ise lines.  These retardations then were used to corrf-ct thu instrument veloci- 

ties to the actual striking velocities. 
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Evaluation 

Protect ion Ballistic Limit.     Protection ballistic limits* were usually obtained 

with not more than 50 fps between the velocities for the highest pa>liai ami  lowest 

complete penetrations.  In order to obtain a ballistic limit when a zone of mixed re- 

sults was obtained, the velocities for the partial and complete penetrations within 

the zone were averaged. 

If a shatter gap** with AP or FAPT projectiles was suspected, an attempt was made 

to establish its existence and to obtain ballistic limits with both intact and shat- 

tered projectiles. 

To avoid misinterpretation due to differences in weights among tht three types of 

projectiles the specific limit energies*** were determined for all ballistic limits 

and used for all comparisons of the three types. 

RESULTS s«D DISCUSS I OH 

Correlation with Watertown Arsenal Firings 

Watertown Arsenal has conducted fairly extensive firings with caliber .40 models 

of the 90 mm AP T33 projectile over a range of attack conditions comparable to those in 

this investigation.  In order to determine the extent of agreement between the Frank- 

ford Arsenal results at the 20 mm scale and the Watertown Arsenal results at the cali- 

ber .40 scale, and to establish the most representative penetrntior; curves, the caliber 

.40 results (Table IV)" were scaled to 20 mm and were compared with the 20 mm results. 

The results *».t both scales are plotted in Figure 3.  A scale factor of 0.937 was used 

to reduce the specific limit energies of the Watertown Arsenal r^i;'. ts to cotr.pnre with 

the 20 mm results.  Using this scale factor, Watertown Arsenal's and this arsenal's 

results are in excellent agreement, except for plates 1/2 caliber thick which the cali- 

ber .-tu projectiles perforated intact; whereas the 20 mm projectiles shattered.  F.xes- 

sive ricochet of the caliber .40 pro,ectiles, resulting from the fact that they re- 

mained intact, would account for the higher limits of these projectiles.  It should be 

noted that in the family of curves in Figure 3 the curves for 40°, 45°, 50°, and f5° 

obliquities were drawn by means of interpolation since the 40° and 50° obliquity dat- 

were obtained by Watertown Arsenal, whereas the 45° and 55° data were obtained by 

Frank ford Arsenal. 

'Defined according to Ordnance Department Bulletin Nu. 24*44, 

'A shatter gap is a velocity range in »hich shattered or ruptured projectiles fail to defeat the 

target.  At velocities below this range projectiles that remain essentially ir.toct defeat the target 

and at velocities above this range shattered projectiles defeat the target. 

•Specific limit energy is defined in the following section. 
ftData obtained by personal communication with Wateiiown Arsenal Laboratory. 
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Tlie curves for intact projectiles were drawn according to the following formula 

which was developed by the National Physical Laboratory, EnRlnnH  for angles of attack 

up to 45°. 

WL       r 3 H800 54000 V 
    =1 43.<W!Tt/d sec - 8  + (929 )  
d3   L 2        63-0    Bo-B J 

*VL
2 

where   = Specific limit energy 

W = Weight of projectile in pounds 

VL - Limit velocity in feet per second 

d = Diameter of projectile in inches 

B = Brinell hardness of plate 

t  = Th.ickn.~ss of plate 

d    = Angle of attack 

BQ = S0-. - 160 log10 d/d2 

d, = 1.565 inches (diameter of two pounder shot) 

This formula agrees well with the 20 mm firing results. 

Shatter Gap 

In cases wh-.-re the shatter velocity is higher than the ballistic limit for intact 

projectiles but lower than the ballistic limit for shattered projectiles, a shatter gap 

occurs (Figure <!).  At iow velocities the projectiles failed to oerforatf; the plate and 

rebounHed intact (Figure 4A).  For velocities just above the ballistic limit for intact 

shot, the projectiles perforated intact (Figure 4B, 4C).  At higher velocities the pro- 

jectiles shattered and incomplete penetrations resulted (Figure 4D).  As the velocity 

was increased further, the energy was sufficient to perforate the plate, even with 

shattered projectiles (Figure 4E). 

Comparison of AP and FAP Projectiles 

Comparison between the penetrations of AP and FAP projectiles should be made sepa 

rately for conditions where the FAP remained intact during per.etration and for condi- 

tions ••h^rs the" shattered 
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Against targets that FAP projectiles penetrated intact they were much superior to 

AP projectiles because the sharp "biting edge'' of the FAP digs into the plate, thus 

reducing ricochet, and because this flat surface and sharp edge protmvre plate failure 

by an efficient plugging process.  The superiority of the FAr, on ;;n nitrify uasis, 

ranges from 20 to 60 per cent, as is shown numerically in T?ble V, and graphically in 

Figures 5 and S  The difference in extent of ricochet between the two types is illus- 

trated in Figure 7, where the length of the FAP scoo^ is 2.0 inches as cotrpnred with 

2.8 inches for the AP.  For this plzir  condition, 3/8 inch at 60°, the FAP were 60 per 

cent more efficient than the AP, as is shown by the line shaded regions of Figures 5 

and 6.  The intact FAP v/ere superior to the AP projectiles for all plate thicknesses 

up to 3/4 inch at 30° and 45° obliquities, for all plate thicknesses up to 5/8 inch at 

55° and 60° obliquities, and for 3/8 inch plate at 70° obliquity.  Bowser, the FAP 

were barely able to defeat 5/8 inch plate at 0° obliquity without shattering.  Only 

one complete penetration was obtained due to the extremely narrow velocity range in 

which complete penetration was possible with an intact '•'AP.  Penetrations for this 

range are shown in Figure 8. 

The possible existence cf a shatter gap rs; not investigated for targets that were 

defeated by intact FAP projectiles.  It is quite likely, however, that had the FAP been 

fired fast enough to shatter there would have been a range of velocities in which they 

would have failed to perforate and thus would have proved inferior to the AP projec- 

tile:;.  Against the heavier, more difficult targets the FAP projectiles shattered and 

were much inferior to the AP as indicated by the much greater spfi-ific limit energy 

required to defeat these targets (Figures 5 and 6). 

The ri.iptnre limits* for FAP proiectiles are quite ii»» (Figure 9), but in general 

increase with increasing obliquity.  Figures 10 and 11, which represent firings against 

7/8 inch plate at 30° and 45° obliquities, indicate that the transition from intact to 

shattered projectiles occurs over a narrow velocity band for a given plate condition. 

As stated before, the FAP shot were barely able to defeat 5/8 inch plate at 0° at 1090 

fps without shattering (Figure 8).  After shattering, the FAP were not able to defeat 

this target at %'eiocities as high »s 1600 fps. even though they were able to defeat 

the same plate at 30° obliquity at 1455 fps in an intact condition.  This is considered 

rather unusual since the penetration ability of conventional AP shot decreases with 

increasing obliquity for the same plate thickness. 

\K Comparison of FAP and FAPT Projectiles 
• • • 

Addition of a tip to fiat nosed projectiles considerably raised the rupture veloc- 

ity at normal and very low obliquities (Ficure 9).  At intermediate and high obliquities, 

'Rupture limits are diacussed more completely in • subsequent sectit 

10 

CONFIDENTIAL 

• - 



CONFIDENTIAL 

LI "• LI 
1 1         1 

_ v tO o 

«•» n CO <^ 
•o tO         | £ ~ 3 £ £ B 
o 3?  1 ct 

JO i/i s » a 
f- rsT      1 ^ JI IC » " n 

o 

<o 
t*i 

O O JI 

o 
O 

ft 

a; o 
o 

o 
CM 

1) 
10 

O 

1     1 1 

3   S 

•r-       t/> 

O          H> 
A 

10 
sn 

«o      to      to 

00          •"»        W 

tO          l/»          if. 

O       O       9 
$       «ft       © 
J        a        •* 

O        tO 

i.            i          -c 
to      to     to 

O        to       OD 
to      t>t     — 

*       *      u» 

HA         O       V> 

tj.        t>»       Ctl 2*
90

  
  
 3

.2
7 

   
Sh

 

23
00

   
   

2.
91

   
  S

I  
   

M
.O

 

22
90

   
   

2.
58

   
 S

I 
   

21
.0

 
•o      to 

I*-       »      */> 

o      i/»     c; O .It 
6   8 

SO      oo      o 

*        CO * 

O O 

o      o 

ar     d 

o     k/>     un 

er>      in      o 

<-««      u>       * 

o     o 

«•»      t/» 

to        (/>        tO 

en     w>     o 

to     to      to 

—      —     o 

O 00      CO 
CO        CD      to 

£ i !"*." -. 
-"   si 

to      to      to 

<•      o>      «f» 

•o      c>4      =r 

o       >n      © 

J»           -          — 
O*        <M        *•> 

O   if)     in - m   — 
o  to    to 

OO V 

a  2  s 

O.    (O   ft. •- 

!! 

CONFIDENTIAL. 

•• 



CONFIDENTIAL 

Neg. #24432-5 
R-1166 
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Figure 5.   Graph of specific limit energy vs plate thickness at 
0°, 30° and 45° obliquities for conventional ogival (AP), 

truncated ogival (FAP) and tipped truncated ogival (FAPT) 
20 mm projectiles 
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Figure 6.   Graph of specific limit energy vs plate iliickness at 
55°, 60° and 70° obliquities for conventional ogival (AP), 
truncated ogival (FAP) and tipped tuncated ogival (FAPT) 

, 20 mm projectiles 
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the increase in rupture velocity was not large.  However, even at thesr. angles, the 

tipped projectiles wcic effective at much higher velocities than were the untipped 

ones. 

For conditions where botii FAPT and FAF projectiles remained intact, the FAP projec- 

tiles were superior to FAPT projectiles, not only on an energy basis but also en  i 

velocity basis, in spite of their lighter weight.  This superiority is represented 

numerically in Table V and graphically by the line shaded areas of Figures 5 and 6. 

Although the tip on the FAPT projectiles protects the biting edge of the projectile 

from shearing and protects the projectile body from rupturing at much higher velocities, 

the tip is not required as long as the FAP remains intact.  Furthermore, it appears as 

if the tip reduces the effectiveness of the FAP when the body remains intact.  Since 

the tip comprises 11 per cent of the total weight of the FAPT, its mass could be much 

more effective if it were part of the projectile body.  In addition, the tip may get in 

the way *»f the body and interfere with the penetrative action of the biting edge.  It 

may also c*use the body to ricochet more than the FAP sz  indicated by the siightly 

longer scoops listed in the firing records of ilic Appendix.  Tnese reasons may account 

for the higher velocities and greater energies required of the FAPT to defeat the same 

targets as the intact FAP. 

However, the FAPT were significantly superior to the FAP for target conditions 

for which the latter shattered, as can be noted ir Figures 5 and 6 and Table V.  A com- 

parison of Figures 10 and 11 with Figure 12 provides an explanation of this superiority. 

At velocities slightly above the rupture velocity ''he untipped projectiles ruptured to 

a much greater extent than did the tipped projectiles, nt least on th*> sidp nt tre* pro- 

jectil? adjacent to the plate.  For example, at 2553 fps (Figure 11A) the FAP were 

intact (the surface of the scoop is smooth) while only 18 fps faster, at 2571 fps 

(Figure 11B), they shattered completely.  From Figure 12 the tipped projectiles frac- 

tured at 2690 fps while as much as 270 fps faster, at 2960 fps, the extent of smooth 

portion, of the hole indicates that they did not shatter until they accomplished much of 

their penptration. 

No shatter gaps were observed with FAPT projectiles, for target conditions con- 

sidered most likely to reveal cuch gaps. 

Comparison of AK and FAPT Projectiles 

The FAPT projectiles were equ&l or superior to the AP projectiles for almost all 

of Ihe target conditiens investigated (Table V and Figures 5 and 6).  Exceptions tc this 

were against heavy (thicker than one caliber) plate at 0° obliquity and against thin 

(one-half caliber) plate at intermediate (45°) obliquity  The FAPT were inferior to 

the AP against the thicker plate at 0° obliquity because they deformed more and, 
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Figure 7. 3/8 H-13 at 60° comparison of complete penetrations at 
lowest velocities for different shot types 
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therefore, required more energy for perfoiaticn than the Ar.  For thin plate at 45° 

obliquity the difference in ballistic limits between the two types was on':y 100 fps, 

which is not significant.  Against the samr 3/8 inch r.lnte at high (65", 60" and 70c) 

obliquities the FAPT were superior to the AP uv as much as 44 per cent.  This differ- 

ence in penetration efficiency against relatively thin armor at high obliquity may be 

attributed to the difference in extent of projectile ricochet or scooping illustrated 

in Figure 7.  Here, against 3/8 inch plate at 60° obliquity the length of FAPT sr-oop 

was about 2.5 inches as compared with 2.8 inches for the AP. 

However, for most conditions of oblique attack the advantage of the FAPT type 

over the AP lies in its ability to remain intc-t at higher velocities without suffer- 

ing excessive ricochet.  The more efficient performance of the FAPT is illustrated in 

Figures 13 and 14.  Figure 13 compares the performance of the two types fired at the 

same velocity against slightly overmatching (7/8 inch) plate at low (30°) obliquity. 

From the appearance of the scoop it can be seen t' at the FAPT projectiles were essen- 

tially intact during most of th>; penetration while the AP projectiles shattered early 

in the penetration process, even though tiic over-all extent of ricochet for both types 

is similar.  The difference in the extent of damage produced by the two types of pro- 

jectiles is emphasized by the appearance of the back of the plate (Figure 13).  The 

FAPT punched a hole through the plate but the AP produced only s   small bulgo on the 

buck surface,  Firings against une'ermatching (5/8 inch) plate ai high (60°) obliquity 

are compared in Figure 14.  Againsv this target the AP  rojectii.es remained intact 

during part of the penetration while FAP and FAPT projectiles remained intact through- 

out.  Figure 15 compares the performance of the AP and FAPT at simil?r velocities 

against slightly overmatching (7/8 inch) plate at high (55°) obliquity.  Although 

both types shattered, the FAPT remained intact longer in the penetrut ion process as 

indicated by the longer, smoother scoop.  As a result, the ballistic limit obtained 

with the FAPT was 430 fps lower than that obtained with the AP.  Figure 16 shows the 

highest partial and lowest complete penetrations obtained with both projectile types 

for the same target as Figure 15. 

Comparison of AP, FA? and FAPT Projectiles 

Three factors which influence projectile penetrating ability are:  resistance to 

rupture, resistance to ricochet or turning, and type of plate failure which they 

induce. 

Rupture and Ricochet.     Resistance to rupture of a projectile is highly dependent 

upon the angle of attack (Figure 9).  Rupture limits for AP, FAP, and FAPT projectiles 

file plotted as a function of obliquity.  All plate thicknesses were included without 

regard foi possible variations in rupture due t'i differences in plate thickness.  The 

penetration efficiency does not correlate with this graph.  Since only the projectile 

recoveries were used to determine rupture, the stage of penetration at which projectile 
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with increasing shot velocity and breakup 
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failure occurred is not indicated.  From Figure 9 it may be noted that for obliquities 

below 30° the AP were most resistant to rupture, the FAPT were intermediate and the 

FAP were ieast resistant.  At obliquities above 30° the FAPT were most resistant to 

rupture, th*? FAP w*?re int-i :.-rtedist£ and the AP w*»r#» Ipnsr resistant to rtioture.  At all 

angles, except 0°. ar>d for intact projectiles, the FAP ricocheted least, the FAPT were 

intermediate and the AP ricocheted most.  If an AP projectile ruptures, there is less 

likelihood of ricochet.  For example, at 55° obliquity and at velocities of about 1800 

to 2800 fps the FAP and FAPT remained intact, and ricocheted, whereas the AP ruptured 

and had the least tendency to scoop.  However, at velocities h»ln« 1800 fps. where the 

AP remained intact, they made the longest scoops. 

Plate Failure.     The manner* in which E plate fails depends upon many factors, SI'-C'M 

as the physical and metallurgical qualities of the plate, the angle of impact, the 

geometry and caliber of projectile, and deformation of the projectile.  For most of 

the conditions in this investigation, plates failed by some type of plug formation. 

Exceptions were at low angles where the penetration with AF and FAPT projectiles was 

ductile and against 1 1/8 and 1 3/8 inch plate which failed by the ejection of spalls 

because of inferior plate quality.  An interesting target condition, for which a dif- 

ferent type of plate failure was obtained with each projectile type, was 5/8 inch nt 0° 

obliquity.  Figure 17 shows that, for this target, the AP caused a ductile failure with 

formation of petals, the FAP caused plate failure by plugging, and the FAPT induced a 

failure that showed s  tendency for spall formation.  The petals dislodged by the AP 

have a wiped or sheared appearance, whereas those dislodged by the FAPT have a granu- 

lar or fractured appearance over a large aiea. 

.  As stated previously, the ballistic limits nnH cor- 

responding specific limit energies obtained with the AP, FAP, and FAPT types for each 

target condition are summarized in Table V and plotted in Figures 5, 6. 18, and 19. 

Figures 5 and 6 compare the energies necessary to defeat the various targets as a func- 

tion of plate thickness for different angles of attack, whereas Figures IS and 19 com- 

pare these energies as a function of obiiqi'ity for different plate thicknesses.  The 

line shaded areas of Figure 5 show the regions of superiority of the intact FAP pro- 

jectiles over both the FAPT and AP types for plate at 0°, 30* and 45° obliquities.  Al- 

though the FAP were superior against one caliber plat*' at 45° obliquity, they were 

scarcely able to defeat 0.8 caliber plate at 0° obliquity.  Against heavier targets the 

FAP /nattered and were ir.uch inferior to the AP and the FAPT.  As shown by the stippled 

region, the FAPT projectiles were generally superior to the AP, even though the FAPT 

shattered against the heavier targets.  The line shaded regions of Figure 6 show the 

FAP to be superior to the AP and FAPT at 55°, 60°, and 70° obliquities as long as they 

Upcr. ;h=ttcr tha FAP were much inferior.  In the stippled regions of i ^luaiiivu  luv. 

*A tore complete explanation of urioui typea of piste failure ia given in Franiford Araenal, Pitaan- 

Dunn Laboratories Hepon H-902. by R. B. Sawyer, February 1951. 
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the graph the FAPT were superior to the A? up to and including 1.1 caliber armor at 55° 

and 0.8 caliber armor at 70° obliquity.  For the thicker targets the AP and FAPT types 

appeared to be equal in performance. 

Figure 20 summarizes these firings qualitatively in the form of .- blsck djaoram. 

For a certain range of plate thicknesses the FAP type was superior to both the other 

types for all obliquities from 0° to 70°.  Similarly, for a range of greater plate 

thicknesses, the FAPT type was superior.  The AP type was best in the limited region of 

vci'y heavy piste fit v*»ry low obliquity and was equivalent to the FAPT for the heaviest 

plates tested at the high obliquities.  If the hardness and ductility of these three 

types were either raised or lowered, some of the ballistic limits and the boundaries of 

the zones probably would be different.  The performance of the FAP and FAPT types is 

expected to be affected more significantly by such changes than that of the AP. 

Figures 18 and 19 show that the specific limit energy increases linearly, to a 

first approximation, as the secant of the angle of attack is raised for all plate thick- 

nesses. 

Full Caliber Projectile Firings 

Some of these 20 mm penetration results have been confirmed by limited firings of 

truncated 75 mm AP M338 (T14S) shot, truncated conical 120 mm AP T116E2 shot and tipped 

truncated 76 mm AP T166 shot.  In addition, preliminary results have been obtained by 

the US Naval Proving Ground in a program sponsored by the Army Ordnance Department to 

provid* a systematic comparison of the regions of superiority of the AP, FAP and FAPT 

types with three-inch shot homologous to the 20 mm models.  There is reason to believe 

that large caliber shot of these unconventional types can be made to perform »s effi- 

ciently as the ;t0 mm models. 

CONCLUSIONS 

1. No one of the AP, FAP and FAPT projectile designs is consistent!;' superior for 

the attack of all types of armor targets. 

2. The FAPT type is generally equivalent or superior to the AP. even though both 

types shatter against the heavier targets. 

3. For conditions where FAP projectiles remain essentially intact during penetra- 

tion: they are superior to the AP ard FAPT types.  At somewhat higher striking veloci- 

ties and for targets that FAP projectiles cannot defeat intact, they are much inferior 

to the AP and FAPT. 
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3/4" plate thicknesses for conventional ogival (AP), truncated ogival 

(FAP) and tipped truncated ogival (FAPT) 20 mm projectiles 
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Figure 19.   Graph of specific limit energy vs obliquity for 7/8", 1" and 
1 1/8" piate thicknesses for conventional ugivai (AP), truncated ogivai 

(FAP) and tipped truncated ogival (FAPT) 20 mm projectiles 
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Figure 20.   Regions of superiority for conventional ogival (A P), truncated 
ogival (FAP), and tipped truncated cgival (FAPT) 20 mm projectiles 
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4. Conventional AP projectiles are best in the limited region of very heavy 

plate at very low oDliquity and are equivalent to the FAPT for the heaviest plates at 

the high obliquities. 

5. Previous iimireu firings indicate tnat lull caliber projectiles of these types 

can be made to show the same relative penetration performance as the 20 mm models if 

adequate projectile hardness and ductility are proviHed. 

RECOMMENDATIONS 

The foregoing results have shown the usefulness of each one of the projectile 

designs for defeat of certain steel armor targets.  It is recommended that the truncated 

designs also be considered for other missiles, such as shell, rockets, and bombs, which 

may be made of steel or other materials.  Furthermore, it is believed that the trun- 

cated types should be investigated for defeat of light alloy aircraft armor at very 

high obliquities. 
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ABontViATiCSS B£SCSS8SK8 PEhETRATlOH RESULTS 

PF' - Partial penetration 

CP(A) - Complete penetration - Army criterion* 

CP(P) - Complete penetration - Protection criterion* 

CP(NF) - Complete penetration - Navy criterion, shot fractu»eti» 

CP(NS) - Complete penetration - Navy criterion, shot shattered* 

NB - No buigr 

VSB - Very small bulge 

SB - Small bulge 

MB - Medium bulge 

LB - Large bulge 

VLB - Very large bulge 

Ck - Cracks 

FO - Plug out 

PH - Plug hanging 

PS - Plug started 

DP - Back petals 

BPO - Back petals off 

EPS - Back petals started 

BS - Back spall 

BSS - Back spall started 

BSH - Back spall hanging 

BSO - Back spall out 

FP - Front petals 

FPO - Front petals off 

rau - i'Tar. 

NI** - Nose intact 

BI*** - Base intact 

SI • Shot intact 

Sh - Shatter 

Fr - Fracture 

LS - Local shear 

SNR - Shot not recovered 

PBL - Protection ballistic limit 

'Defined according to Ordnance Department Bulletin No. 24-44. 

^'Fractions following Nl indicate approximate ratio of lose fragment to total 

shot body. 

••FT-" iona following BI indicate approximate ratio of base fragment to total 

shot body. 
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FIRING RECORD 

I.     Firing against  3/8  Inch Homogeneous Armor 

A.     Firing  vs  Plate No.   14  (302   to 321 Bhn)   at  45° Obliquity 

Striking 
Velocity Result* 

(fps) Plate 

T33 - 

Project! le Scoop** 

AP Lot 2160 

1703 CP(NF)-PO BI   1/2-LS (1.5 x 0.9) 

1567 CP(A&P)-PO BI   l/2-Sh=LS-Fr ( 1.2 x 0.8) 

1431 CP(NI)-PO SI (1.8  x 0.9) 

1360* CP(A&P)-PO SI (2.1 x 0.9) 

1331* PP-MB SI (2.2 x 0.8) 

1310 CP(A)-PS 

PBL 

SI 

=  1345 

(1.8 x 0.5) 

FAP T33 - Lot 2I60F 

1309 CP(A&P)-PO SI 

1255* CP(MP)-PO SI 

1190* CP(A)-PH SI 

1100 CP(A)-PS SI 

PBL " 1225 

(1.5 x 0.9) 

(1.4 x 0.9) 

(1.3 x 0.8) 

(1.0 x 0.9) 

•Bracks'ing velocities  used   to  calculate  prstsciics   ballistic   JimiM  • •><<   »n»rifie   limit   energies. 

••Scoop   exte;nt   in   inches. 
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I.  Firing against 3/8 Inch Horrogeneous Armor (Cont'd) 

A.  Firing vs Plate No. 14 (302 to 321 Bhn) at 45° Obliquity (Cont'd) 

Striking 
Velocity 

(''ps; Piste 

T33 

Results 
rojectile 

FAPT 

1550 CP(A&P)-P0 SI 

1534+ CP(A6P)-PO SI 

1517+ CP(A)-Ck SI 

1486 CP(ABiP)-PO SI 

1473+* CP(AftP)-P0 SI 

1435+* PP-LB-Ck SI 

1421 PP-MB SI 

1409+ CP(MP)-V<) SI 

1378+ PP-MB SI 

1287+ PP-SB SI 

PBL = 1455 

Scoop 

(2.0 x 0.9) 

(1.6 x 0.9) 

(1.8 x 0.9) 

(2.4 x 0.8) 

(1.9 x 0.9) 

(1.7 x 0.9) 

(2.2 x 0.9) 

(2.1 x 0.8) 

(2.1 x 0.8) 

(1.7 x 0.9) 

B.     Firing vs Plate No.   13 (302  to 3'il Bhn)  at  55° Obliquity 

AP T33 

2042 CP(NI)-P0 SI (2.4x0.9) 

1978* CP(ASsP)-PO Sh-Fr-LS (1.9x0.9) 

1950* CP(A)-PS NI   1/3-Sh-Fr-LS (2.9 x 0.9) 

1858 CP(A)-Ck BI 3/5-NI   1/5-Sh-Fr-LS (3.0 x0.9) 

PBL =  1965 

•Firing va Plate No. 13 (30? to .121'Bhn). 

'BrickcLir.K velocities tt«*d to calculate protection ballistic limits and sue-.ific linit energies. 
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I.     Firing  against  3/B  JmrBi Jfcii-»g,eirapc?i:is  Armrtr   (Cont'd) 

B      Firing n Plate Ko.   13 .(302  to 321 Sen} at  55' Ofclinjunt> i"Coafdj 

Striking 
Velocity 

(fps) Piate Projectile Scoop 

138S <P(f«P)-PO SI (1.7 x 0.9) 

136* a»lfJSB»S-PD SI (1.6 x 0.9) 

1330* <F*MP)-FO SI C1-6 * 0.9) 

1300* PP-iffi SI (1.8 x 0.8) 

123S FP-KB SI (1.8 x 0.9) 

Plate 

F*P 

ffes-*i»s 
Project a ft 

<3*<fMiP>-P0 SI 

O»C-S»P)-PD SI 

CPfiWP)-P0 SI 

FP-Sffi SI 

PP-DB SI 

PBL =  1315 

FAP7 

CPC*P)-P0 SI 

CPCMP)-PO SI 

PP-PS SI 

PP-LB 51 

PBL =  I5€5 

1617 O??.«P5-P0 SI £2.0 x 0.9) 

1581* CPCMP)-P0 SI (2.0 x 0.9) 

1548* PP-PS SI fl-9 x 0.8) 

1500 PP-LB SI {2.0 x 0.8) 

C-     Firing vs Plate No.   13 <302 to 321 Bhn) at 60* Qblinsuity 

AP 

2306 CP{**P)-P0 BI  I/3-Sb-Ft-LS (2-9 x 0.9) 

2237*fFig 7)        CP(«P)-P0 BI 1/3-Sh-Fr-LS {2-7 x 0.8) 

2200* CPifAi-PH Bi  l/2-Sh-Fr-LS C2-9 x 0-8) 

2077 PP-L£-Ck Sh-Fr-LS (2.9 x 0.8) 

PP-3ffi BI 35-W  2 5-Fr C2.9 x 0.8} 

PBL = 2220 

*•>"'•'. t.f i:.n jr   *»l«e**i«*   m»e.i   ft a.   e«llc*il«ttt<e   pr*t.*.rttii3rii   M'JJI:::    tfttitn**   • i a    sz-e>::fi ;    lln.it   *:.<:::•• 
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I.     Fixinie aeainst 3/8 Inch Bfcsnoee meows Amor tumt'dj 

C.     Firing vs Plate Ko.   15 (JC2 to 321 Han) at 60* Obliquity (Cont'd? 

5;.-.,-. -i 
V'e&oci ty 

( fa*) Plate 

FAP 

Results 
Projectile 

1610 cp(«p)-pg SI 

14SS*(Fig 7> cp.iJ««P>-Po SI 

1436* PP-LB 51 

1310 CP(A)-PS SI 

1300 FP-SB SI 

PBL = M€0 

Scooxt 

(2.0 * 0.9) 

(1.9 x 0.9) 

(2.0 x 0.9) 

(1.7 x 0.9> 

(2.1  x 0,8) 

2194 CP(1«F>-P0 Fr 

1897 CPf .**?  -TO Fr 

1665 <FcaP)-ro si 

I632*(Fig 7) atopi-m 

1600* PP-IB SI 

149? i^-se £1 

PBL = 1615 

(2.2 B 0.9) 

(2.5 x 0.9) 

82.5   X   0.5 

(2.0 x 0.S) 

(2.5 * 0.8) 

(2.4 x 0.9) 

Firing vs Plate No. 14 (302 to 321 Bhn) at TO* Obliquity 

2861 

28?7 

2760* 

27&> 

tP 

C7(MP)-P0 

CPf ASP) -PC 

CP(MP)-PC 

CP(A)-PS 

HI 5/4-Sfe-Fr-LS 

Si-Fr-LS 

Sh-Fr-J5 

Sh-Fr-LS 

PBL = 2760 

(3.4 x 0.9) 

(2.7 x 0.7) 

(3.5 x 0.9) 

(3.5 x 0.8) 

- B* ic.ieiiftf velo£:cti«K xse>i  ti* e«ll<riii»te  prQ><t*cti^ ::    .:a.;*.i   sad  «g>ccifiic     :o; t   s-.irjisi 
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I-     Firirrrg against  3 '8  Inch Hocwsgeroe'tiais  Aiaur »fOo<ntt'dl) 

ID.     Firing vs Plate lie..   14 {302 tr* J21 Hhra)  at 7T1 Obliquity fCont'd) 

S*«"i.fcitl^ 
Velacity K *s<ui ts 

(Ipa) Plate Prijecti ie 

FAP 

2437 CP{ASP)-ro SI 

2386 CPfMSVP© SI 

2348"*"H GPfMPl-FD Si 

22S9** CP(A)-PH SI 

2274*+ CP{i*P)-PO SI 

2215*+ CP<A)-FH SI 

2133 FF-3S SI 

PBL= 2280 

r*D-ir 
It   «i     4 

2685 CPf*P)-PO s: 

235S CPfiWJ-PO SI 

2330* CPTMP)-ro SI 

2277* H5-LB-PS SI 

2190 PP-LB-Ck 

«BL = 2305 

SI 

4'3.5 x 0.9) 

{3-5 x 0.9) 

C3.S x 0.9) 

(3.7 x 0.9) 

(3.4 x 0.9) 

£3.7 x 0.9) 

8*3-4 x ©.§> 

£3.9 x 0.9) 

(3.8 x 0.9} 

£3.5 x 0.9) 

£3.8 x 0.9) 

{3.8 x 0.9) 

•fitfaeietaiig *«l«cili«» -»*ed t« cmleei»te prsteeeisa  Btlli ici:   iuiti  uid specific   '. i.a: t   tn: *-^ i 

••Velocities ittttpi to •i*ter.niii* protection ballistic limit and »}•*>. if J-   lims esiergy. 
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II.  Firing against V'2 Inch Homoge. .eons Armor 

Firing vs Plate No. 23 (302 to 311 Bhr.) at 45° Obliquity 

Striking 
Velocity 

( ips) Plate 
Results 

Project.: le 

AP 

Scoop 

1985 CP(«iP)PO Sh-Fr-LS (1.3 x 0.9) 

1936* CP(A&r)-FG Sh-Fr-LS (1.3 x  1.0) 

1876* PP-MB Sh-Fr-LS (1.2 x 0.9) 

170b PP-MB 

PBL = 

BI 

1905 

3/S-NI   2/5 -Fr (2.8 x 1.0) 

1584 CP(AM,)-PO SNR 

1497 CP(A&P)-PO SI 

1435 CP(ASP)-PO ST 

1408'+ CP(A&P)-PO SI 

1361+* PP-MB SI 

1334" CP(AU>)-PO SI 

1274 PI-LB SI 

1254 PP-MB SI 

1170 PP-SB 

PBL =  1350 

SI 

(1.5 x 1.0) 

(1.5 x 1.0) 

(1.4 x 0.9) 

(1.4 x 0.9) 

(1.4 x 0.9) 

(1.4 x 0.9) 

(1.4 x 0.9) 

(1.3 x 0.9) 

(1.2 x 0.8) 

•Bracketing velocities  used   to  calculate protection   ballistic   limits  and specific   Limit   energies. 

++Velotiti«s  sveraged   to  dei^-nine   the  protection   ballistic   limit,   snd  specific   ii-i-.   energy. 
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II.     Firing against   12  Inch Homogeneous Armor   (Cont'd) 

Firing vs  Plate No.   23  (302   to 311  Bhn)   at 45c Obliquity  (Cont'd) 

III.     Firing  against   5  8   Inch  iiumogeneous Armor 

A.     Firing  vs  Plate No.    29   (311  Bhn)  at  0^ Obliquity 

AP 

1558 CP(NI)-BPO SI 

1533*(Fig  17)       CP(NI)-BP SI 

151S*(Fig 17)      CP(A)-EPS SI 

1490 CP(A)-BI-S SI 

i426 CF(A)-BPS SI 

PBL =  1525 

Striking 
Velocity Results 

( >'P-*) Plate 

FAPT 

Projectile Scoop 

1962 CP(AfiP)-FO SI (2.2  x 0.9) 

rp(A&P)-PO ST (1.8  x 0.9) 

1910* CP(A8cP)-PO SI (1.9  x 0.9) 

1869* CP(A)-PS SI-SI ight Fi (7  2 x 0.9) 

1716 PP-LB-Ck SI (1.8  x 0.9) 

- PBL =   If >90 

1 Bracket ing   velocities  used   to   calculate  protection   ballistic   limits   tirid   specific   limit  Cn6i 
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III.     Firing against   5/8   Inch Homogep.eo.!?   Armor  (Cont'd) 

A.     Firing vs Plate No.   29  (311  Bhn)   at  0° Obliquity (Cont'd) 

Striking 
Veloci ty Resit] ts 

(fps) Plate Projectile 

FAP 

1603 PP-SB 

1410 PP-SB 

1160   (Fig 8) PP-SB 

1090»(Fig 8,17) CP(A&P)-PO 

1040* PP-MB-CI: 

1036  (Fig 8,17) PP-MB-PS 

1025 PP-SB 

Sh -Fr- LS 

Sh -Fr LS 

Sh -Fr- 

ST 

SI 

SI 

LS 

Sh-Fr LS 

=   1055 

FAP i 

1460                         CP(flaP)-BP SI 

1430*(Fig  i7)      CP(NI)-BP SI 

1425*(Ftg 17)      CP(A)-BPS SI 

1382                          CP(A)-BPS 31 

1347                          CP(A)-BPS SI 

PBL = 1425 

'Bracketing velocities  i'ied   to  calculate   protection   ballistic   limits   end   specific   limit  energies. 
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III.     Firing against  5/8  Inch Hoinogeneous  Armor   (Cont'd"; 

B.      Firing  vs  Plnrp No.    29   (311   Bhn)   nt   30°  Obliquity 

Striking 
Velocity 

(fps) Plate 

AP 

Results 
Projectile 

1752 CP(NI)-F0 SI 

1700* CP(NI)-PO SI 

1660* CP(A)-PS SI 

1 Cf» C?(A)-PS SI 

1617 CP(A)-PS SI 

1580 CP(A)-PS SI 

FBL = 1650 

Scoop 

(1.4 x 1.0) 

(1.4 x 0.9) 

(1.5 x 1.0) 

(1.4 x 1.1) 

(1.6 x 1,1) 

(1.5 x 1.0) 

FAR 

1660 CP(A&P)-PO SI (1.3 x i. 1) 

1600 CP(A&P)-PQ SI (1.3 x 1.0) 

1575 PP-PS BI 3/4 -Sh -LS (1.0 x   1.0) 

1525 CP(A«iP)-P0 SI (1.2 •A    1.0) 

1470* CP(AfcP)-P0 SI (1.2 X   1.1) 

1443* CP(A)-PS SI (1.2 x   1.0) 

1395 CPtA)-PS 

PE. —    i 455 

SI (1.2 x   1.0) 

'Bracketing velocities used to calculate protection bal1 in tic limits ami specific limit energies. 
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c / H    » n^ 

B.  Firing vs Plate No. 29 (311 Bhn) at 30° Obliquity (Cont'd) 

Striking 
Velocity Kemil t s 

(fps) Plate 

FAPT 

Projecti1e Scoop 

1658 CP(/\&P)-PO SI (1.4 x  1.0) 

1587 CP(A&P)-PO SI (1.7  x  1.0) 

1570* CP( »&P)-PO SI (1.7 x  1.0) 

1524* PP-PS BI   1/2 (1.6 x  1.0) 

1512 PP-PS BI 1/2-NI   1/2-Fr (1.6 x  1.0) 

1455 PP-MB-C1-. SI (1.6 x  1.0) 

PEL = 1545 

C.  Firing vs Flute No. 29 (311 Bhn) z*  45" Obliquity 

AP 

2425 CP(A&P)-PO        Sh-Fr-LS (1.5x1.1) 

2392 CP(AfltP)-PO     BI 1/3-Sh-Fr-LS (1-5x1.1) 

2372 CP(A&P)-F0        Sh-Fr-LS (1.4x1.1) 

2343* CP'~?;-PO     BI 1/3-Sh-Fr-LS (1-4 x 1-1) 

2305* PP-LB-Ck Sh-Fr-LS (1.4 x 1.0) 

2200 PP-LB-Ck Sh-Fr-LS (1.3 x 1.0) 

PBL - 2340 

•Bracketing velocities used to calculate protection ballistic Sim**.} ~r.d   *necilic limit energies 
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ill.     Firing against  5/8  Inch Homogeneous  Armor  (Cont'd) 

C.     Firing vs Plate No.   29  (311  Bhn)  at 45° Obliquity  (Cont'd) 

Striking 
Velocity 

( fps) Plat* P 

FAP 

Results 
rojectiie Scoop 

2060 CP(A&P)-PO SI (1.9 x  1.1) 

1825 CP(A/tP)-P0 SI (1.7 x  1.0) 

1777* CP(A&P)-PO SI (1.5 x 0.9) 

1717* PP-LB-Ck SI (2.0 x 1.0) 

1600 PP-LB 

PBL =  1745 

ST (1.7 x 1.0) 

FAPT 

2JP5 CP(A&P)-PO SI 

2082 CT(A&P)-PO SI 

1980* CP(A&P)-PO SI 

1975* CP(A)-PH SI 

1910 PP-LB-Ck SI 

PBI. =  1980 

D.  Firing vs Plate No. 21 (311 Bhn) »t S5° Obliquity 

AP 

(1.6 x 1.0) 

(1.8 x 1.0) 

(1.9 x i.0) 

(1.8 x 1.0) 

(1.8 x 0.9) 

264J CP(A&P)-PO BI   1/3-Sh-Fx-LS (2.0 x  1.0) 

2540 CP( A8iP)-Pn BI   1/4-Sh-Fr-LS (1.3 x  1.0) 

2518* CP(A&P)-PO Sh-Fr-LS (1.6 x  1.0) 

2465* PP-LB-Ck BI   1/3-Sh-Fr-LS (1.7 x  1.0) 

2416 FP-LB-Ck Sh-Fr-LS (1.9 x 0.9) 

2274 PP-MB Sh-Fr-LS (1.8 x 0.9) 

PBL : : 2490 

'Bracketing   velocities   used   to   calculate   protection   ballistic   iidtits   and   specific   limit   eiiergi 
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III.     Firing against  5/8  Inch Homogenerius Armor   (Cont'd) 

D.     Firing vs Plate No.   21  (311  Bhn)   at   55° Obliquity (Cont'd) 

Striking 
Velocity 

(fps) Plate Projectile Scoop 

2353 CP(A&P)-PO SI (2.4 x  1.1) 

2313* CP(A8tP)-PO SI (2,3 *   1,0) 

2264* CP(A)-PH SI (2.3 x   1.0) 

2163 FP-LB-Ck SI (2.3 x  i.0) 

2408 

2315* 

2285* 

2286 

2200 

Plate 

FAP 

Results 
Projectile 

CP(/AP)-PO SI 

CP(A&P)-PO SI 

CP(A)-PH SI 

PP-LB-Ck SI 

FBI = 2290 

FAPT 

CF(A&P)-PO SI 

CP(A&P)-PO SI 

CP(A)-PS r-T 

PP-LB-Ck BI  3/5-Fr 

FP-LB SI 

PEL =  2300 

(2. 3 X 1. 0) 

(2. 2 X 0) 
1 
A ~ 4 

»• / 

(2. 3 X 1 0) 

(2. l X i 1) 

£•      Firing  VS  Flute   JVJ.    21   (oil   Sin)   at 60"  Obliquity 

AP 

2864                         CF(/*5iF)-rO 5h-Fr-LS                     ('2.2 x  i.0) 

2845                          CP(AJB>)-F0 Sh-Fr-LS                      (2.2 x  1.0) 

28C8*                       CP(A&P)PO 21 2/5-Sh-Fr-LS            (2.3 x 1.0) 

2764*                        PP-LB-Ck Sh-Fr-LS                      (2.3 x 0.9) 

2640  (Fig 14)      PP-LB-Ck Sh-Fr-LS                      (2.3 x 0.9) 

FBL - 2785 

'Bracketing velocities used to calculate protection ballistic Halts and specific liait energiea 
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III.     Firing  against   5/8  Inch Homogeneous  Armor  (Cont'd) 

E.     Firing vs Plate No.   21  (311  Bhn)   at   60" Obliquity  (Cont'd) 

Striking 
Veioci ty 

(fps) 

FAP 

Results 
Project He 

2595  (Fig  14,i CP(t&r)-PO 

2615  (Fig  14) CP(A8sP)-PO 

2588* CP(A&P)-PO 

2534* CP(A)-PH 

2506 PP-LB 

2345 PP-SB 

PEL =  2560 

SI 

SI 

SI 

SI 

ST 

SI 

Scoop 

(2.5 x 1.1 

(2.8 x 1.1 

(2.8 x 1.1 

(2.8 x 1.1 

(2.6 x 1.1 

(2.8 x 1.1 

FAPT 

2702 CP(A&P)-P0 

2663 CP(A8iP)-PO 

2628 

2617*(Fig 14)      CP(A&P)-PO 

2589* 

2577 

2505 

2482 

2400 

3/ *\   or> 

rV-LH-Ut 

CP(A;-PK 

CP(/*IP)-P0 

CP(A)-PS 

PP-LB-Ck 

PBL = 2605 

Sl-Ck 

Fr 

Sl-Ck 

Sl-Ck 

Sl-Ck 

SI 

SI 

Sl-Ck 

(2.7 >: 1.1) 

(2.6 x 1.0) 

(2.8 x 1.1) 

(2.6 x 1.1) 

(2.8 s 1.1) 

(2,f * 1.0) 

(2.6 x 1.0) 

(2.6 x 1.0) 

(2.6 x  1.0) 

'Bracketing velocities used to calculate projection ballistic limits and specific limit energien 
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III.     Firing against  5/6  Inch Homogeneous Armor  (Cont'd) 

F.     Firing vs Plate No.   22   (302   to 321 Bhn)   at  70° Obliquity 

Striking 
Velocity 

(fps) Plate 
Prsnlts 

Projectile Scoop 

AP 

3630 CP(A&P)-P0 Sh-Fr-LS (2.6 x  1.1) 

3605* CP(A&P)-PO Sh-Fr-LS (2.5 x  1.1) 

3602* PP-LB-Ck Sh-Fr-LS (2.9 x   1.1) 

3591 PP-LB-Ck Sh-Fr-LS (2.8 x  1.0) 

3505 PP-LB BI   1/3-Sh-Fr-LS (3.0 x  1.0) 

3403 PP-MB Sh-Fr-LS (2.5 x 0.8) 

3303 PP-MB 

PBL 

Sh-Fr-LS 

= 3605 

(2.7 x 0.9) 

FAP 

3463 PP-MB Sh-Fr-LS (2.3 x  1.0) 

3300 PP-LB Sh-Fr-LS (2.4  x  1.1) 

3055 PP-SB 

PBL > 3465 

Sh-Fr-LS (2.3 x 0.9) 

'Bracketing velocities  used   to  calculate  protection   ballistic   limits  end   specific   limit  energies. 
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III.     Firing against   5/8  Inch Homogeneous  Armor  (Cont'd) 

F.      Firing vs Piate No.   22  (302   to 32! aim)   at   70' Obliquity  (Cont'd) 

Striking 
Velocity 

(fps) riate 
Results 

Projectile S< •oop 

FAPT 

3382 CP(A&P)-P0 Sh-Fr-LS (2.7 x   1.2) 

3315 CP(A8iP)-P0 Sh-Fr-LS (2.4 x   1.2) 

3240* CP(A&P)-PO Sh-Fr-LS (2.3 x   1. 1) 

3219* PF-LB Sh-Fr-LS (2.9 x   1. 1) 

3214 PP-PS Sh-Fr-LS (2.4 x  1.2) 

3145 PP-PS Sh-Fr-LS (2.5 x   1.0) 

2994 PP-PS Sh-Fr-Lr (2.3 x  1.1) 

2884 PP-SB 

PBL = 32 

SI (3.4 x  1.0) 

IV.     Firing against   3/4   Inch Homogeneous  Armor 

A.     Firing vs Plate No.   43  (302 Ehn)  at 30° OViquity 

AP 

2432                          CF(NI)-BP SI (1.5 x 1.2) 

2358                          CP(A&P)-PO BI 3/5-Sh-Fr-LS (1.5 x 1.2) 

2320*(Fig 4)        CP(AftP)-PO Sh-Fr-LS (1.9x1.2) 

2271*                         PP-PS Sh-Fr-LS (1.9  x  1.2) 

2167                           PP-LB-Ck Sh-Fr-LS (2.0x1.2) 

2027  (Fig 4)        PP-MB Sh-Fr-LS (2.0  x 1.1) 

1933 (Fig 4)        CP(NF)-BPO BI  3/5-NI  2/5-Fr (1.6 x 1.1) 

1825*(Fig 4)         CP(A&P)-BPO SI (1.5x1.1) 

1775*(Fig 4)         CP(A)-BPS SI (1.7x1.0) 

PBL = 1800; 2295 

'Bracketing velocities used Co calculate protection ballistic limits and specific litit energies 
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IV.     Firing againsi  3/4  Inch Homogeneous Aimer  (Cont'd) 

A.     Firing vs Plate No.  43 (302 Bhn)  at  30" Obliquity (Cont'd) 

Striking 
Veiocity 

(fps) Plate 

FAP 

Results 
Projecti le Sc?Gp 

1700 CP(A&P)-PO SI (1.4 x 1.1) 

1666* CP(7&P)-P0 SI (1.4 x 1.0) 

1638* PP-LBCk SI (1.5 x  1.1) 

1603 PP-LB-PS SI (1.3 x  1.0) 

PBL =  1650 

FAPT 

1945 CP(ABtP)-H) SI 

1866 CP(A&P)-PO •SI 

1794* CP(A&P)-PO SI 

1781* PP-MB SI 

1730 PP-MB SI 
DTif      - • 1790 

B.     Firing against Plate No.   43 (302 Bhn>  at 45° Obliquity 

AP 

(1.9 x 1.0) 

(1.8 x 1.0) 

(1.6 x 1.1) 

(2.2 x 1. 1) 

(1.6 x l.O) 

2621 CP(A8iP)-PO BI   1/3-Sh-Fr-LS (1.7  x 1.3) 

2570 CP(A)-rti Sh-Fr-LS (1.6 x 1.2) 

2508 CP(A&P^-FO Sh-Fr-LS (1.5 x  l.O) 

2449* CP(A&P)-PO BI  2/5-Sh-Fr-LS (1.1  x 1.2) 

2402* PP-LB BI  2/5-Sh-Fr-LS (1.5 x  1.1) 

2342 PP-MB SiFi-LS (1.5 x 1.2) 

2200 PP-SB Sh-Fr-LS (1.4 x 1.2) 

PBL = •- 2425 

'Bracketing Telocities used to calculate protection ballistic limits and specific limit energies. 
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B.     Firing  against Plate No.   43  (302 Bhn) at 45° Obliquity (cont'd) 

Striking 
Volocity 

( fps) Plate 

FAP 

Projectile 

2346 CP(A&P)-PO Sl-Ck 

2225 CP(/VfcP)-PO SI 

2118* CP(A&P)-PO SI 

2053* PP-LB SI 

2005 PP-LB SI 

PBL = 2085 

Scoop 

(1.9 x 1. 1) 

(2.0 x 1.1) 

(1.9 x 1.1) 

(1.9 x 1.1) 

(1.9  x   l.l) 

FAPT 

2612 CP(N1)-P0 SI 

2438 CP(A»P)-PO SI 

2325 CP(A&P)-PO SI 

2184* CP(Mir')-r'U Si 

21SS* CP(A)-PS SI 

2150 PP-MB SI 

2072 PP-MB SI 

PBL = 2170 

(1.7 x 1.1) 

(1.7 x 1.0) 

(1.7 x 1.1) 

(2.0 x i. i) 

(1.9 x 1.0) 

(2.1 x 1. 1) 

(2. 1 x  1.2) 

'Bracketing  velocities   used   to  calculate  protection   ballistic   limits   and   specific   limit  energies. 

CONFIDENTIAL 



r 

CONFIDENTIAL 

IV.     Firing  against  3/4  Inch Homogeneous Armor (Cont'd) 

C.     Firing vs Plate No.   34  (302 Bhr.)  at  55" Obliquity 

C*f lb i nrf 

Veloci ty 
(fps) Plate 

AP 

Result s 
Projecti le Sc •oop 

3067 CP(A&P)-PO Sh-Fr-LS (1.9 x  1.2) 

3012 CP(A&P)-PO Sh-Fr-LS (1.9 x  1.3) 

2983» CF(ttiP)-PO BI-Sh-Fr-LS (1.9 x  1.2) 

2925* PP-LB-Ck Sh-Fr-LS (1.3 x  1.2) 

2830 PPLE Sh-Fr-LS (2.2 x  1.3) 

2657 PP-MB Sh-Fr-LS (2.0 x   1.2) 

PBL 955 

FAr 

3295+* CP(A&P)-PO BI 1/3-Sh-Fr -LS (2.0 x 1.2) 

3195+* PP-LB BI 1/2-Sh-Fr -LS (2.3 x 1.4) 

M40+ PP-LB-Ck Sh-Fr-LS (2.0 x  1.4) 

2925 PP-LB BI 1/4-Sh-Fr -LS (2.1 x  1.3) 

2890 PP-MB Sh-Fr-LS (2.1 x  1.3) 

2835 PP-MB Sh-Fr-LS (2.1 x 1,3) 

2815 PP-LB-Ck Sh-Fr-LS (1.8 x 1.5) 

2805 PP-LB-Ck Sl-Ck (2.6 x 1.2) 

2660 PP-LS SI (2.7 x 1.2) 

2535 PP-MB 
a 

PBL = 3245 

SI (2.7 x  1.2) 

•firing »• Plate .Mo.   38   (293  tc 302 Bhn). 

'Bracketing veloci tie* uacd  ';o calculate protection be.lli.atic   limits  and  specific   limit energies. 
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IV.     Firing against 3/4  Inch Homogeneous  Armor  (Cont'd) 

Firing  vs Piste Nc.   31   (302 3hn)   ai   55r Ghii.iuity  (Cont'd) 

S*riking 
Velocity 

( fps) Plate Projectile Scoop 

2885 CP(A&P)-I0 SI (2.5 x  1.0) 

2800* CP(A&P)-P0 BI   1/3-Fr (2.5 x 1.1) 

2760* FP-LB SI Ck (2.5x1.1) 

2705 CP(A)-FS Fr (2.6 x 1.2) 

2655 PP-LB BI 3/4-Fr (2.6 x 1.1) 

Results 
Place 

FAPT 

Proj ect i le 

CP(A&P)-IO SI 

CP(A&P)-P0 BI   1/3-Fr 

FP-LB SI Ck 

CP(A)-PS Fr 

PP-LB BI 3/4-Fr 

PEL  =  2' '80 

D.  Firing vs Plate No. 34 (302 Bhn) at 60° Obliquity 

AP 

3235 CF(A5fP)-PO Sh-Fr-LS (2. I x  1.2) 

3213* CP(A<Sir)-PO Sh-Fr-LS (2-3  x  I. 1) 

3170* PF-LB-Ck Sh-Fr-LS (2.3 x 1.3) 

3155 IT-LB-Ck Sh-Fr-LS (2.4 x 1.2) 

3000 PP-LB Sh-Fr-LS (2.0 x  1.1) 

PEL = 3190 

kBracl"*f i ng velocities used to calculate protection ballistic limits and sj-ecific limit energies. 
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iV.     F»iir,g agaii-st .-. •'•?  Inch H<»og«nr<».i« A—.cr (Cont'd) 

D.     Firing vs Plate No.   34  (302  Bhn)  »t  60° Obliquity  (Cont'd) 

Striking 
Veiocity 

( fpa) 

3420 

3400 

3304 

3051 

2938 

2905 

2848 

2835 

2780 

Results 
Plate Projectiic Scoop 

FAP 

PP-Lfc BI   2/5-Sh-Fr-LS (2.3 X i. 3) 

PP-LB-Ck BI   1/3-Sh-Fr-LS (2.4 X 1.3) 

FF-LB BI   2/>-Sh-LS (1.9 X 1.1) 

PP-SB Sh-Fr-LS (2.1 X 1.3) 

PP-MB Sh-Fr-LS (2.1 X 1.3) 

PP-MB Sl-Ck (3.1 X 1-2) 

PP-MB BI   2/5-Sh-Fr-LS (2.4 X 1.2) 

PP-ME SI (3.0 X 1.2) 

PP-MB 

PBL > 

SI 

3420 

(3.1 X 1.1) 

FAPT 

3330 CP(A&P)-PO Sh-Fr-LS (2.6 x  1.3) 

3256 CF(NS)-PO Sh-Fr-LS (2.2 x 1.5) 

3190 CP(NS)-PO Sh-Fr-LS (2.2 x i. 3X- 

CP(NS)-PO Sh-Fr-LS (2. 1 x  1.3) 

3032* CP(A)-PH Sl-Ck (2.8 x  1.2) 

2950 FP-LB 

PBI . = 3065 

Sl-Ck (3.0 x 1.2) 

'Brtcketing  velocities ufrvrf   to  calculate   protection   ballistic   limits  and   specific   ' imit   energies. 
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;sir.st  7/8  Inch i!o:Tx>s;ep.e~!f  Arrtx 

A.     Firing vs Plate No.   48  (302   *o 31'   Bhn)   »t  30° Obliquity 

Striking 
Veloci ty 

(fps) Plate 
Results 

Proj zcti !: Scoop 

AP 

2830 CP(NS)-PO Sh-Fr-LS (1.6 x 15) 

2778 CP(NS)-FO OH - JT 1 ~ *-»!_> (I  6 x 1.6) 

2717 CP(A&P)-P0 BI 2/5-Sh-Fr-LS (1.5 x 1.4) 

2690 OP(A)-PS BI 2/5-SS.-Fr-L2 (1.5 x 1.3) 

2674 CP(A&P)-PO Sh-Fr-LS » (1.5 x 1.4) 

2602* CP(A&P)-PO "SI 2/3-Sh-Fr-l-S (1.5 x 1.2) 

2543' FT -Lu-Ck BI 2/J-sh-Fr-LS (3.5 x  1.4) 

PP.1 D BI  2'3-Sh-Fr-tS (1.5 *  1.3) 

2303 PP-SB Sh-Fr-LS (1.4 x 1.4) 

2121(Fig  13) PP-SB Sh^r (1.9 K  1.2) 

PHL =  2570 

'bracketing velocities used to calculate protection ballistic, limits and specific limit energies. 
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V.     Firing against   '/'8  Inch Homogeneous Armor  ('Cont'd) 

A.     Firing vs  Plate No.   48  (302   to 311 Bhn)  at  30" Obliquity  (Cont'd) 

Striking 
loci ty 
'fas) Plate 

Results 
Projectile Scoop 

FAP 

3182+ a>(A&P)-i TO Sh-Fr-LS (1.9 x  1.7) 

3180+* CP(A&P)-: TO Sh-Fr-LS (1.8 x   1.5) 

3098'*'* PP-LE Cx Sh-Fr-LS (1.8 x   l.S) 

3068+ PP-LB-PS Sh-Fr-LS (1.7 x  1.5) 

2116(Fi B 10) PP-SB BI 2/3-Sh-Ff •LS (1.3 x  1.4) 

1960(1-j g 10) PP-SB BI 2/3-Sh-Fr -LS (1.4 x  1.5) 

186S(Fi B 10) PP-MB BI  2/3-Fr (l.S x  1.0) 

1825{Fi o 10) PP-LB SI (1.4 x  1.0) 

1585 PP-MB SI (1.4 x  1.2) 

PBL = 3140 

[APT 

2443                          CP(NS)-PO Sh-Fr-LS (2.0  x  1.0) 

216&                           CF(A&P)-PO               BI 3/4-Sh-Fr-LS (1.9 x   1.0) 

2153*(Fig  13)      CP(A&P)-PO              BI 2/3-Fr-LS (1.7 x  1.1) 

2100*                        PP-LB-Ck                   BI 2/3-Fr-LS (1.9  x  1.2) 

2043                          PPLB-Ck                                Fr (1.9 x  1.1) 

1885                          PP-SB BI   1/3 -Fr (2.1 x  1.2) 

PBL ~ 2125 

•Firing vs Flatt No. 50 (302 to 31! Bhn). 

'Bracketing velocities used to calculate protection ballistic limits and specific limit energies. 
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V.  Firing against 7/8 Inch Homogeneous Armor (Cont'd) 

E.  Firing vs Plate No. 47 (302 to 306 Bhn) at 45D Obliquity 

Striking 
Vcloci ty Result s 

( fp*) Plate Projectile Sc cop 

AP 

3040 CP(NS)-PO BI   1/2-Sh-LS (1.7 x  1.4) 

3038 CP(NS)-P0 Sh-LS (1.6 x   1.4) 

3018* CF":A&P)-FO Sh-Fr-LS (1.7 x  1.3) 

300 U» FF-L3-F3 BI  2/5-Sh-Fr •LS (1.7 x  1.3) 

2980 PP-LB-Ck Sh-Fr-LS (1.8 x  1.3) 

2810 PP-LB-Ck Sh-Fr-LS (1.9 x 1.3) 

2S75 PP-MU 

PBL 

BI   1/4-Sh Fr 

= 3010 

-LS (1.7 x  LS) 

FAP 

349S+* CP(A&P)-PO Sh-Fr-LS (1.8 x 1.3) 

3460+* PP-LB-PS Sh-Fr-LS (1.8 x  1.4) 

3235+ PP-LB-Ck bl  2/5-Sh-Fr -LS (1.8 x  1.5) 

3L35+ PP-LB-Ck BI  2/5-Sh-Fr LS (1.7 x 1.4) 

2596 PF-SB Sh-Fr-LS (1.9 x  i.6) 

2571(Fig 11) PP-SB Sh-Fr-LS (1.6 x  1.5) 

25S3(Fig 11) PP-LB-Of ST (2.4 x   1.1) 

2546 PP-SB Sh-Fr-LS (1.7 x  1.6) 

2441 PP-LB Sl-Ck (2.2 x  1.2) 

PBL ~  3430 

•Firing vs Plate NJ. .",0 (302 to 311 Bhn). 

*"rscketing velocities uscu tu calculate protection b .i'.iatic limits and specific limit 6aergi«s 
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V.     Fir!"p.  against   7/8   Inch  Homogeneous Anror  (Cont'd) 

B.     Firing vs Plate No.   47   (302   to 30b Bhn)  at  45° Obliquity  (Cont'd) 

Striking 
Velocity Results 

(fps)                              Plate                          Projectile Scoop 

FAPT 

2960  (Fig 12)       CP(NS)-PO                 BI  1/3-Sh-Fr-LS (1.9 x  1.2) 

2780  (Fig  12)       CP(A&P)-PO               BI   1/2-Sh-Fr-LS (1.3  x  1.2) 

2690  (Fig   12)       CP(A&P)-PO                           Fr-Sh M.S r.  1.2) 

2600  (Fig  12)       CP(A&P)-PO                             SI (1.9   x  1.1) 

2545*                        CP(ASiP)-rO                         Fr-Sh (2.0  x  1.2) 

2527*                        CP(A)-PS                                SI (2.0 x   1.1) 

2450                          PP-LB-Ck                                Fr (2.0  x  ».. 2) 

PBL =  2535 

C.  Firing vs Plate No. 47 (302 to 306 Bhn) at 55J Obliquity 

A_P 

3543           CP(NS)-PO         Sh-Fr-LS (2. 1 x 1.6) 

3498*(Fig 16)  CP(KS)-PO      BI 1/2-Sh-Fr-LS (2.3 x 1.5) 

3467*         CP(A)-PH       BI 1/3-Sh-Fr-LS (2.2 x 1.4) 

3442 (Fig 16)  CP(A)-PH          Sh-Fr-LS (2.0 x 1.5) 

3405          PP-LH-Ck          Sh-Fr-LS (2.2 x 1.4) 

3393          PP-LB-Ck          Sh-Fr-LS (2.2 x 1.4) 

3333          PP-MB            Sh-Fr-LS (2.5 x 1.3) 

J99H          PP-LB-Ck       BI 1/3-Sh-Fr-LS (2.0 x 1.4) 

3298          CP(A&P)-PO     BI 1/3-Sh-LS (2.0 x 1.5) 

3130 (Fig 15)  PP-MB            Sh-Fr-LS (2.2 x 1.3) 

2827           rr-SK          PI 1/3-Sh-Fr-LS (1.9 x 1.3) 

PBL = 3430 

'Rrackeling velocities  used  to  calculate  protection   ballistic   limit*   and  specific   limit  energies. 
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V.     Firing against   7/8  Inch Homogeneous Armor  (Cont'd) 

C      Firing vs Plate No.   47 (302  to  306  Bhn)   at  55° Obliquity  (Cont'd) 

Striking 
Velocity Results 

(fp9) Plr.te Projectile Scoop 

FAP 

3396f PP-MB BI   1/4-Sh-Fr-LS (2.1  x   1.3) 

PW. > 3400 

FAPT 

3330 CP(A8tP) PC Sh-Vr-LS (2.2x1.4) 

3120 (Fig 15)      CJ(A&P)-PO Sh-Fr-LS (2. 2 x  1.3) 

3075* CP(.*iP) PO Sh-Fr-LS (1.9 x  1.3) 

3029*Crig  16)      PP-LB-C3: Sh-Fr-LS (2.7 x  1.2) 

3003 PP-MB BI   1/3-Sh-Fr-LS (2.3 >.  1.1) 

2966 PP-LB Sl-Ck (2.9 x  1.3) 

2872 PP-LB-Ck SI-CK (2.6 X  1.1) 

2844 PP-ME SI-7/8-Fr (2.8x1.2) 

PEL = 3050 

n.     Firing vs Plate No.   48  (302   to 311 Bhn)   at  «0° Obliquity 

AP 

3674* CP(A&P)-PO Sh-Fr-LS (2.3  x  1.4) 

3667* CP(A)-PS BI   1/3-Sh-Fr-LS (2.4 x  1.4) 

3667 PP-LB BI   1/3-Sn-Fr-LS (7.r> x  1.5) 

3663 PP-LB-Ck BI  2/5-f,h-Fr-L3 (2.3 x  1.4) 

3632 PP-LB Sh-Fr-LS (2.5 x  2.5) 

3610 cp.p<; BI   1/3-Sh-Fr-LS (2.2 x  1.2) 

S PBL =  3670 

Tfiri.ig vs rial* No. Si) (302 to 311 Bhnl . 

*R-*rtwina velocities used to c&lcuijte protection ballistic lim'.ta and specilic limit energies. 
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V.     Firing again   t   7/£  Inch Homogeneous  Armor  (Cont'd) 

D.     viring vs Plate No.   48 (302  to 31i  Bhn)  at  60° Obliquity  (Cont'd) 

Striking 
Velocity Results 

(fps) Plate Projectile Scoop 

FAPT 

3672* CP(A&P)-T "O Sh-Fr-LS (2.5 x 1.4) 

3667* FP-LB-C'k Sh-Fr-LS (2.5 x i.5) 

3633 CP(A)-rS Sh-Fr-LS (2.4 x 1.3) 

3612 PP-LB-Ck Sh-Fr-LS (2.2 x 1.4) 

3570 PP-LB-C1< Sh-Fr-LS (2.* x 1.5) 

3438 PP-LB-Ck Sh-Fr-LS (2.1 x 1.2) 

3250 PP-LB 

PBL -• : 3670 

Sh-Fr-LS (2.4 x 1.2) 

VI.     Firing agninst   1   Inch Homogeneous Armor 

A.     Firing vs Plate No.   26  (302  Bhn)  at  0° Obliquity 

AP 

2191 CP(NI)-BP-FP SI 

2085 CP(M)-BP-Fr' SI 

2080* CP(NI)-3l'-F:-~ SI 

2032* CP(A)-Ck-FP SI 

i -J   j  V CF(A)Ck-FP 

PBL = 2055 

SI 

'Bracketing Velocities  used   to  cuicuiata   protection   ballistic   limits   and   specific   iiiuit  energies. 
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VI.     Firing against   1   Iricb. !!o<nogeneous  Armor  (Cont'd) 

A.     Firing vs Plate No.   26  (302 Bhn)  at 0° Obliquity  (Cont'd) 

Striking 
Velocity Results 

( fps) Plate Projectile scoop 

FAP 

3410 CP(NS)-PO Sh-Fr-LS 

3320* CP(NS)-P0 <"»«       p.    IP ou-r i *.uo 

3210* PP-LB-PS Sh-Fr-LS 

2888 PP-LB-CK Sh-Fr-LS 

PEL? 3265 

FAPT 

3225 CP(NS)-PO-FP lii  2/3-bh-J-r-LS 

3085 CP(NS)-P0-FP Sh-Fi-LS 

/.i 11 uiiwjTv bn-rr-Lb 

2S42 

2165 

2137* 

2080* 

2028 

1 OO-I 

1745 

CP(NS)-rK) SI 7/8-Si l 

CP(NI)-BP-FP SI 

CP(NI) SI 

CP(A)-BPS SI 

CP(A)-Ck SI 

PP-LB-Ck -FP SI 

PP-MB-FP SI 

PBL r : 2110 

'Bracketing  •'elociliea  used  to  calculate  protection   ballistic   limits  and  ipccifie   limit  energica. 
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VI.     Firing  against   i  Inch Homogeneous Armor  (Cont'd) 

B.      Firing  vs  Pint* No.   26   C.1C2  bhn)   at  45° Obliquity 

Striking 
Velocity Results 

PrcjcctiU 

AP 

C.  Firing vs Plate No. 26 (302 Rin) at 55° Obliquity 

AP 

3645 

3612 

3560 

PP-LB-Ck 

PP-LB-Ck 

Sh-Fr-LS 

BI 1/3-Sh-Fr-LS 

Sh-Fr-LS 

PBL > 3645 

»/-/->^>n 

3582 CP(NS)-PO Sh-Fr-LS (:».o x 1.6) 

o-ioi* r»T       *   /-*      C»l.      TT_     t  C / •    r   _ V .. . ->    A 1.7) 

3406* PF-VLB-Ck BI   2/5-Sh-Fr-LS (1.9   X 1-7) 

3346 FP-VLB-Ck Sh-Fr-LS (1.8 x 1.6) 

3245 FP-I.B-Ck 

PBL : 

f,h-Fr-LS 

= 3435 

(1.8 x 1.6) 

i ftj 

2940 ty(NS)-PO Sh-Fr-LS (2.0 x 1.3) 

2856' CP(A&F)-P0 BI   1/2-Sh-Fr-LS (2.0 x 1.3) 

2794* PP-PS BI   i/3-Sh-Fr-LS (2.0  x 1.2) 

2727 PP-LB-PS 

PBL = 

BI 9/10-Fr 

2825 

(2.0 x 1.2) 

(2.4 x 1.5) 

(2.2 x 1.5) 

(2.1 x 1.5) 

* Bracketing   Teiocitic* used   to  calculate  protection  ballistic   limits  and   specific   limit   energies. 
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VI:      faring  ngainst   i   Inch  Horrogeneous  Armor   (Cont'd) 

C.     Firing vs Plate No.   26  (302 Bhn)  »t   55° Obliquity  ('Cont'd') 

Striking 
elocii vetocicy Kesults 

FAPT 

"»r-r»/-»n 

3555+^ PP-LB-BSS Sh-Fr-LS (2.4 x 1.6) 

36S6++ CP(A8tP)-P0 Sh-Fr-LS (2.4  x   1.5) 

3645r+ CP(A&P)-P0 Sh Fr-LS (2.3 x 1.4) 

3605+' PP-LB-Ck Sh-Fr-LS (2.2 x  1.5) 

3603++ PP-LB Sh-Fr-LS (2.2 x  1.5) 

3585T+ CP(A&P)-P0 Sh-Fr-LS (2.3 x  1.4) 

3524 PP-LB-Ck Sh-Fr-LS (21 =  1-5) 

3423 VTP-LB-Ck Sh-Fr-LS (1.9 x  1.4) 

3365 PP-^B-Ck Sh-Fr-LS (2.1x1.   ) 

3183 PP-SB Sh-Fr-LS (2.1 x  1.6) 

PBL * 3625 

••Velocities   sveTaged   to determine  th.i  prote.-tion  ballistic   Knit   »nd  specific   limit  energy. 
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VII•  Firing against 1 1/8 Inch Homogeneous Armor 

A.  Firing v? Plate No. 15 (311 to 321 Bhn) at 30° Obliquity 

Striking 
Velocitv 

r 

V 

(fps) Plate Projectile Scoop t 
Results 

Plate Proj ecti le 

CF<A&P)-BSO Sh-Fr-LS 

U>(A60,)-K30 Sh-Fr-LS 

PP-LB ESS Sh-Fr-LS 

PP-LB-BSS Bl   2/5-Sh-Fr-LS 

PP-LB BI   l/2-3h-Fr-LS 

Ph-UJ BI   i/4-Sli-Fr-LS 

Fr-SB Sh-Fr-LS 

PEL - 3320 

3405 CF<A&P)-3S0 Sh-Fr-LS (1.8 x  1.7) 

3340* CP(«dP)-Ei>0 Sh-Fr-LS (1.6 x  1.8) 

3297* PP-LB ESS Sh-Fr-LS (1.6  x  1.6) 

3273 PP-LB-BSS Bl   2/5-Sh-Fr-LS (1.8 x   1.6) 

3228 PP-LB BI   1/2-Sh-Fr-LS (1.7  x  1.7) 

3046 Pf-IM BI   i/4-3ii-Fr-LS (1.7   x   1.7) 

2503 FP-SB Sh-Fr-LS (1.4  x  1.4) 

PAPT 

3520 CP(A&P)-BS() Sh-Fr-LS (1.7 x  1.7) 

3128* CP(/&P)-BS0 Sh-Fr-1-S (1-7 x 1.5) 

3085* FF-LB-aSS Sh-Fr-LS (1.7 x  1.7) 

3060 PP-LB-BSS Sh-Fr-LS (1-7 x  1.6) 

3015 PP-LB Sh-Fr-LS (1.8 x  1.7) 

oocc PP-MW SK-Kr-LS (1.5 x  1.5) 

2705 PP-MB Sh-Fr-LS (1.6 x  1.4) 

PBL = 3105 

*i>i-scketing velocities uses to calculate projection ^lii»u.. limits and specific liait energies. 
. r 
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VII.     Firing agni.nst   I   l-'S   Inch Homogeneous  Armor   (Cont'd) 

B.     Firing  vs Plate No.   IS   (311   to 321  Bhn)  at  45° Obliquity 

Striking 
locity Results 

' fps) Pt a it: 

Af 

Projectiie Scoop 

3678 CyfA&P)-BS Sh-Fr-LS (\.9 x   1.7) 

3660* CP(NS)-BS BI   2/5-Sh-Fr-LS '1.8 x 1.5) 

3655* PP-IB-BSS Sh-Fr-LS (2.0 x  1,6) 

FP-LB Sh-Fr-LS (2.1 x  1.6) 

3629 PP-LB BI   1/4-Sh-Fr-LS (2.0 x  1.6) 

3607 PP-LB Sh-Fr-LS (1.9 x  1.7) 

3586 PP-LB-BSS BI   1/3-Sh-Fr-LS (1.8  x   1.6) 

3477 PP-LB BI   1/2-Sh-Fr-LS (1.8 x   1.6) 

PBL " 3660 

FAPT 

3650 CF(*&P)-ES Sh-Fr-LS (2.0  x  l.G) 

3590* CP(A&P) as Sh-Fr-LS (2. 1  x  1.5) 

3557* PP-LB-PS Ei   1/3-Sh-Fr-LS (2.1  x  1.5) 

354! PP-LB-PS Sh-Fr-LS C>. 1 x  1.5) 

PRI -   -  3: >75 

'Bracketing velocities usad to calculate protection ballistic limits and specific limit energies. 
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VIII-     Firing  against   1  3/8  Inch Ho-r-.jeneoiis Armor 
« 

Firing vs Plate No.   7   (310 Bhn)  at 0° Obliquity 

Striking 
Velocity Results 

(fpa)                              Plate Projectile                           Scoop - 

3631+* PP-I.B-PS-FPO BI   1/3-Sh-LS 

3S36f* CP(A&P)-P0 BI  2/5-Sh-LS 

3586+ PP-VLB-FPO BI  2/5-Sh-LS 

3545+ PP-VLB-rPO BI   1/3-Sh-LS 

3427+ PP-I.B-Ck-FPO BI   1/3-Sh-LS 

3214 FF-MB Sh-LS 

3120 PP-MB Sh-Fr-LS 

3046 CP(NI)-BSO-FPO SI-Fr-at Nose 

2995 CF(NI)«BSG-EP SI-Fr-at Nose 

2822 CT<N)-8S0-W Si-Fr-at Nose 

2737 PP-SB BI   1/3-Sh-Fr 

2721* CP(A&T)BSO-FP BI  7/8-Fr 

2669* CP(A)-Ck-FP SI 

2603 PP-LB-Ck-F? SI 

•Firing »s Plate No. 8 (311 to 321 Bhn). 

'Bracketing velocities used to determine protection ballistic limits and specific limit energies. 
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VIII.     Firing  qgainst   »  3/8  Inch Kcnogerieous Armor  (Cont'd) 

Firing vs  Plate No.   7   (310  Bhn)   Pt  0'' Obliquity   (Cont'd) 

Strikir.* 
Ve/oci fy 

( ffis) Plate Projectile Scoop 

3215 

2975 

2695 

2250 

Results 
Plate 

f AP 

Projectile 

PH-iB Sh-Fr-LS 

FP-3B Sh-Fr-LS 

PP-VSB Sh-Fr-LS 

PP-NB Sh-Fr-LS 

FBL > 3 23 5 

FAPT 

3640 CP(A&P)-BS0 BI 1/3-Sh-Fr-LS 

3640 CP(A6iP)-BSH Sh-Fr-M* 

3625* CP(t£il')-USO BI l/3-S!i-Fr-LS 

3605* PP-LB-BSS Sh-Fr-LS 

3552 PF-LB Sh-Fr-LS 

3375 PP-LB-FSO Sh-Fr-LS 

3334 PP-LB Sh-Fr-LS 

3141 PP-MB-FSO Sh-Fr-LS 

3013 PP-SB Sh-Fr-LS 

2713 PP-SB-FPO Sh-Fr-LS 

2477 PP-SB-FSO Sh-Fr-LS 

2387 PP-SB-FSO Sh-Fr-LS 

2271 PP-SB-FSO Sh-Fr-LS 

2225 FF-SB SI 

1*;78 PP-SB SI 

FBI.  - 361 ^ 

'Bracketing velocities used to calculate protection ball  sue   limit and specific   Unit enei&ies. 
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